To receive documents or other information about occupational safety and health topics, contact NIOSH:
Ordering Information
To receive documents or other information about occupational safety and health topics, contact NIOSH:
Telephone: 1-800-CDC-INFO (1-800-232-4636) TTY: 1-888-232-6348 E-mail: cdcinfo@cdc.gov or visit the NIOSH website at http://www.cdc.gov/niosh For a monthly update on news at NIOSH, subscribe to NIOSH eNews by visiting www.cdc.gov/niosh/eNews.
NIOSH Center for Motor Vehicle Safety
The NIOSH Center for Motor Vehicle Safety (CMVS) is the focal point for activities within the Institute that address this pressing occupational safety problem. The CMVS was designated in December 2010 to strengthen and sustain the Institute's research and prevention activities to reduce work-related motor vehicle crashes and resulting injuries. It is a "virtual" Center through which researchers from across the Institute and external partners from government, non-governmental organizations (NGOs), academia, labor, and industry bring complementary expertise to identify crash risk factors, develop and evaluate workplace interventions to prevent crashes, and communicate the results to employers and other stakeholders. The NIOSH CMVS is guided by the vision that: All workers who are exposed to hazards of motor vehicle traffic while working have the highest possible levels of protection from the risk of motor vehicle crashes and resulting injuries.
The primary purpose of the 5-year strategic plan for the NIOSH CMVS is to define the priority areas for research and prevention initiatives through 2018. In addition, this strategic plan provides performance measures by which the success of CMVS activities will be measured. The plan also articulates the vision, mission, guiding principles, and scope for the CMVS, placing the Center's work in the context of the work of other U.S. federal agencies, NGOs, and international partners.
v
Strategic Plan
The development of this strategic plan was guided by the Haddon Matrix, a framework which sees the driver, the vehicle, and the environment as key points for intervention. For purposes of work-related motor vehicle safety, policies and programs were identified as another key area for intervention because of the substantive role of employer policies in establishing conditions for operation of motor vehicles in the workplace. The following five strategic goals form the foundation for this strategic plan: Through this strategic plan for 2014-2018, NIOSH will use its resources and work with our partners efficiently and effectively to reduce the risk of MVCs and injuries to workers who drive on the job. To assess progress toward the goals laid out in this strategic plan, the NIOSH CMVS will undertake a mid-course review, to be completed by the end of 2016. With input from government, the private sector, NGOs, researchers, and international partners, the NIOSH CMVS will continue to advance its mission to: Conduct research, evaluate interventions, communicate prevention information, and foster partnerships to protect workers from work-related motor vehicle crashes and resulting injuries.
Introduction
The risk of motor vehicle crashes (MVCs) associated with on-the-job operation of motor vehicles or exposure to road traffic hazards affects millions of workers in the United States. The National Institute for Occupational Safety and Health (NIOSH) is the only federal agency whose mission encompasses the prevention of work-related motor vehicle crashes and resulting injuries for all worker populations, work vehicles, and work settings. NIOSH is part of the Centers for Disease Control and Prevention, within the Department of Health and Human Services. The NIOSH Center for Motor Vehicle Safety (CMVS) is the focal point for activities within the Institute that address this pressing occupational safety problem.
The primary purpose of this five-year strategic plan is to define the priority areas for CMVS research and prevention initiatives through 2018. In addition, this strategic plan provides performance measures by which the success of CMVS activities will be measured. The plan also articulates the vision, mission, guiding principles, and scope for the CMVS, placing the Center's work in the context of the work of other U.S. federal agencies, non-governmental organizations, and international partners.
The NIOSH Center for Motor Vehicle Safety
NIOSH is the federal agency charged with conducting research and developing recommendations to prevent all kinds of work-related injury and illness. Over its more than 40 years of existence, NIOSH has built the technical knowledge, understanding of workplace dynamics, and stakeholder relationships that are critical to successfully conducting research and transferring research and recommendations into improved practice in the workplace.
Although NIOSH has conducted research on work-related motor vehicle safety for more than 15 years, only recently was a formal structure established to coordinate this work. The NIOSH Center for Motor Vehicle Safety (CMVS) was designated in December 2010 to strengthen and sustain the Institute's research and prevention activities to reduce workrelated motor vehicle crashes and resulting injuries. It is a "virtual" Center through which researchers from across the Institute and external partners from government, nongovernmental organizations (NGOs), academia, labor, and industry bring complementary expertise to identify crash risk factors, develop and evaluate workplace interventions to prevent crashes, and communicate the results to employers and other stakeholders. The Center is hosted by the NIOSH Division of Safety Research, but researchers from across the Institute are involved in research projects tied to the Center and participate in setting its direction. One of the three strategic goals for all of NIOSH is to "enhance international workplace safety and health through global collaborations." In light of strong momentum globally among governments, businesses, and NGOs to improve road safety, the CMVS works with international partners to reduce the toll of MVCs and injuries on workers worldwide.
VISION

MISSION
GUIDING PRINCIPLES
All workers who are exposed to hazards of motor vehicle traffic while working have the highest possible levels of protection from the risk of motor vehicle crashes and resulting injuries.
The NIOSH Center for Motor Vehicle Safety uses a multidisciplinary approach to conduct research, evaluate interventions, communicate prevention information, and foster partnerships to protect workers from work-related motor vehicle crashes and resulting injuries.
For optimum use of resources and greatest potential for impact, the NIOSH Center for Motor Vehicle Safety will:
• Maintain awareness of current research conducted elsewhere in the federal government and in other settings to avoid duplication of effort and identify opportunities for collaboration
• Leverage resources to add value and to facilitate the motor vehicle injury prevention efforts of partners and stakeholders in industry, government, labor, academia, and nongovernmental organizations
• Target motor vehicle crash risks for high-risk worker groups and for the broader population of workers exposed to hazards of motor vehicle traffic
• Communicate research findings and recommendations to stakeholders who are positioned to take action to improve motor vehicle safety in the workplace
• Encourage stakeholders to undertake evaluations of existing and innovative strategies designed to enhance work-related road safety Work-related motor vehicle safety: Background and significance Fatality data show that across all industries, motor vehicle-related incidents are consistently the leading cause of work-related fatalities in the United States, and they are the first or second leading cause in every National Occupational Research Agenda (NORA) 1 industry sector. Of 47,718 work-related fatalities reported by the Bureau of Labor Statistics between 2003 and 2011, 17,037 (36%) were associated with motor vehicles. 2 The toll for this 9-year period included:
• 11,305 deaths in single-or multiple-vehicle crashes on public roadways
• 2,709 deaths in crashes that occurred off the highway or on industrial premises
• 3,023 pedestrian worker deaths as a result of being struck by a motor vehicle Crash-related fatalities and serious injuries have a devastating impact on workers and their families, and on the economic health and productivity of American businesses. For crashrelated injuries in 2011 requiring more than 6 days away from work, workers' compensation costs alone were estimated to be $2.4 billion [Liberty Mutual 2013] . This figure underestimates the true economic burden of work-related motor vehicle crashes as it does not account for societal costs. Work vehicles also have an impact on the safety of the motoring public. For example, although motor vehicle crashes are the leading cause of fatality for truck drivers, these events result in far more fatalities of other road users.
In low-and middle-income countries, work-related road safety may receive little attention from policy makers or data collectors. However, for several reasons, it is likely that the burden of injuries and fatalities from work-related crashes is greater than in high-income areas such as the United States, Europe, and Australia. In lower-income countries, regulatory and management systems are comparatively weak, vehicles and road infrastructure are less safe, and more road users are vulnerable persons such as pedestrians, motorcyclists, and pedalcyclists. In these settings, death, disability, or injury of a family wage earner due to road traffic injury, in addition to causing physical and emotional pain and suffering, creates economic hardship for the injured worker and family members that may persist well beyond the event. The loss of a vehicle that is critical to earning a living can have long-term effects on a family's well-being.
Public and private sector organizations around the world whose employees drive for work purposes need wide-ranging, evidence-based solutions and guidance to prevent motor vehicle crashes and resulting fatalities and injuries. In some instances, effective interventions are known, and the challenge is to increase awareness and promote their 4 adoption by employers and workers. Conversely, other interventions have been adopted by a number of employers, but their effects on crash and injury prevention have not yet been established through rigorous evaluation. In still other cases, there is a need for more basic laboratory research to develop new interventions.
Employers have the opportunity to leverage the employer-employee relationship to complement and enforce government policies that will reduce work-related crashes and injuries. Safe-driving policies implemented in the workplace can promote safer driving for workers and family members away from work. In addition, employers, as purchasers of large fleets of vehicles, can spur improvements in vehicle safety and encourage development of road safety capacity and legislation in the local areas and countries in which they operate, thereby improving road safety for all.
Integration with other NIOSH, CDC, and DHHS initiatives
Prevention of work-related motor vehicle crashes is a component of the Centers for Disease Control and Prevention (CDC) Winnable Battle for prevention of motor-vehicle injuries (http://www.cdc.gov/WinnableBattles/MotorVehicleInjury/). The Winnable Battles denote CDC's public health priorities for the Nation. In addition, the prevention of motor vehicle crashes is a priority for many NORA sector and cross-sector programs, including: Transportation, Warehousing, and Utilities; Wholesale and Retail Trade; Oil and Gas Extraction; Public Safety; Traumatic Injury; Prevention through Design; and Global Collaborations.
The NIOSH topic page on motor vehicle safety provides current data and links to NIOSH publications on the topic (http://www.cdc.gov/niosh/topics/motorvehicle/). This page is also the portal to the NIOSH CMVS sub-page, which provides short descriptions of ongoing intramural and extramural research projects on motor vehicle safety (http://www.cdc.gov/niosh/topics/motorvehicle/NCMVS.html).
Within CDC, the National Center for Injury Prevention and Control (NCIPC) has a major role in motor vehicle safety. NCIPC is responsible for injury prevention initiatives for the general population, but does not specifically address work-related motor vehicle injuries. Its current priorities for motor vehicle safety are to promote the use of seat belts and helmets, improve the safety of teen drivers, and reduce alcohol-involved crashes. The NIOSH CMVS also addresses these issues with respect to the occupational context. • OSH-1: Reduce deaths from work-related injuries (includes sub-objectives for high-risk industry sectors for work-related motor vehicle crashes, including transportation and warehousing [OSH-1.4]).
• OSH-2: Reduce nonfatal work-related injuries.
• SH-1: Increase the proportion of persons with symptoms of obstructive sleep apnea who seek medical evaluation.
• SH-2: Reduce the rate of vehicular crashes per 100 million miles traveled that are due to drowsy driving.
• IVP-13: Reduce motor vehicle crash-related deaths.
• IVP-14: Reduce nonfatal motor vehicle crash-related injuries.
• IVP-15: Increase use of safety belts.
How this report was developed
This report was developed by a task group made up of leaders of the NIOSH CMVS, a subset of members of the internal Steering Committee that guides the work of the CMVS, and additional NIOSH scientists with expertise in strategic planning and subject-matter knowledge important to the formulation of specific goals. The individuals who contributed to the development of this strategic plan are identified in the Acknowledgements section of this report and represent six different NIOSH Divisions, Laboratories, and Offices.
Stakeholders were offered the opportunity to comment on earlier drafts of this report via a notice in the Federal Register, and a docket was established. In addition, key stakeholder agencies and associations were contacted directly to request their review. Finally, the report was reviewed by external subject-matter experts in motor vehicle safety. These individuals and organizations are noted in the Acknowledgments section of this report.
Scope of the NIOSH Center for Motor Vehicle Safety Prevention of motor vehicle crashes
The scope of the CMVS encompasses prevention of work-related motor vehicle crashes affecting workers in all industries and occupations. Work-related crashes include:
• single-or multiple-vehicle crashes, on or off public roadways, which occur on the job
• events in which a pedestrian worker (e.g., a highway construction worker) is struck by a motor vehicle in operation, on or off a public roadway A motor vehicle is defined here as a motorized conveyance designed primarily to transport goods or passengers. This includes cars, trucks, vans, and motorcycles used for workrelated purposes. Events involving all-terrain vehicles (ATVs) or mobile equipment or machinery (e.g., forklifts, manlifts, cranes) are included, but only if that equipment is in transport, i.e., being driven from one location to another on a public roadway.
Work-related crashes and commuting-related crashes
Under the definitions used by the Bureau of Labor Statistics and other statistical agencies in the United States, work-related crashes are limited to those that occur in the performance of work duties, e.g., transporting goods or passengers, making client visits or sales calls, or traveling to meetings. Crashes that occur while commuting to or from work are not included. Although crashes which occur while commuting are found in the crash data systems that cover the general population, they are not identified there as work-related crashes.
Despite their exclusion under the current U.S. definition for work-related crashes, commuting will be considered within the scope of the CMVS under limited circumstances. On-the-job driving does not take place in a vacuum; what takes place during the work day may well influence the safety of a worker's commute via motor vehicle, and the reverse. The effects of lengthy commutes on the risk of crashes or occupational injuries during the work day are unknown. Similarly, little research has addressed the effects of long work hours on the safety of workers on their commutes home [Barger et al. 2005] .
Occupational focus
The Center will limit its focus to projects and initiatives that are directly related to worker safety. There are other government agencies at both the federal and state level that have direct responsibility for road safety for the general public. Research results from the larger road safety community are likely to have indirect "spillover" effects on worker safety; in other words, whatever improves motor vehicle safety for all will likely also improve motor vehicle safety for workers. However, these general lines of research are more appropriately left to other agencies and partners. NIOSH benefits from the experience and expertise of these entities, but given the limited resources of the Institute, the NIOSH CMVS will maintain its focus on work-related road safety.
Priority vehicle types, industries, and occupations
The Center will address work-related motor vehicle safety at four levels: the traditional triad of the human, the vehicle, and the environment used by the road safety community, with the addition of "policies/programs" to account for the major role of employer actions in influencing safety outcomes for workers. This is discussed in more detail below under "Framework for Goal Development." In general, the Center will assign highest priority to research and prevention activities for the benefit of workers in industries and occupations at highest risk of crashes and fatalities, e.g., drivers of heavy trucks and buses, fire fighters, emergency medical services workers, law enforcement officers, and oil and gas extraction workers. To complement this focus on high-risk populations, prevention recommendations which are applicable to all workers who drive on the job will be communicated to a wide audience of workers, employers, and other stakeholders.
Research focused on the vehicle itself will emphasize those vehicles that are manufactured and driven exclusively for work applications. Technological changes associated with heavy vehicles that transport freight and passengers are accelerating, and rich new sources of data from instrumented vehicles and roads present opportunities for the Center. The Center will strengthen research relationships with the manufacturers, university-based research institutes, government agencies, and private-sector laboratories and consultants whose work is focused on the safety of these vehicles. In addition, the Center will emphasize human factors engineering and technology-focused research related to the safe operation of other specialized work vehicles such as fire apparatus, police vehicles, and emergency response vehicles.
The Center's research will not address passenger vehicles from an engineering standpoint because these are not built primarily for work purposes. The operation of passenger vehicles and other light vehicles in the workplace is nonetheless an important safety issue. Of the workers who died in motor vehicle crashes on public highways in 2011, 57% were in occupational groups other than "Bus Driver" or "Heavy and Tractor-Trailer Truck Driver." 3 For these workers who are largely uncovered by occupational safety regulations for workplace driving, research supported by the Center will focus on employer-based policies, administrative and technological controls, training, economic impacts, and other factors related to crashes, injuries, and ways to reduce their incidence or severity.
Role of health-related factors
In many instances, antecedent health-related factors (e.g., obstructive sleep apnea, impaired vision, obesity, use of prescription or nonprescription medications) exacerbate crash or injury risk. Research that will lead to reduction of health-related risk factors for workrelated crashes and injuries is within the scope of the Center. However, the link between antecedent health-related factors and work-related crashes or resultant injuries must be clearly demonstrated.
Missions of other federal agencies
NIOSH is a comparative newcomer to motor vehicle safety research. Other federal agencies, particularly those in the U.S. Department of Transportation, conduct and/or fund wellestablished research programs through their legislatively-mandated regulatory roles.
When worker safety is a consideration, the missions and interests of the agencies within the U.S. Department of Transportation (DOT) often intersect with those of NIOSH:
• The primary mission of the Federal Motor Carrier Safety Administration (FMCSA) is to prevent commercial motor vehicle-related fatalities and injuries. To this end, FMCSA develops and enforces safety regulations on the operation of large freight-and passenger-transporting vehicles, and supports research and initiatives to improve safety information systems, commercial motor vehicle technologies, commercial motor vehicle equipment and operating standards, and safety management and awareness. FMCSA rulemaking and programs are informed by the work of federally-funded research centers and university transportation institutes. The NIOSH CMVS collaborates with FMCSA and its research partners to advance prevention of injuries and fatalities of commercial motor vehicle drivers.
• The National Highway Traffic Safety Administration (NHTSA) works with the states to develop and implement educational and enforcement initiatives related to vehicle occupant protection, drunk and drugged driving, graduated driver licensing, the mobility of older persons, distracted driving, and other issues. NHTSA also develops guidelines on topics such as interfaces for in-vehicle electronics, and develops the Federal Motor Vehicle Safety Standards (FVMSS) applicable to vehicles manufactured for sale or use in the United States. Many of the behavioral issues within NHTSA's purview are relevant to workplace driving. The NIOSH CMVS addresses these issues in the context of unique occupational applications.
• The Federal Highway Administration (FHWA) provides stewardship over the construction, maintenance and preservation of the Nation's highways, bridges and tunnels, conducting research and providing technical assistance to state and local agencies in an effort to improve safety, mobility, and livability. FHWA oversees the Manual on Uniform Traffic Control Devices, which provides engineering and safety guidance for setting up highway construction work zones and placing temporary traffic control for emergency incidents on roadways. NIOSH's worker-protection role coincides with FHWA's in two areas: the protection of the workers who build and maintain roads, and the protection of emergency responders who manage incidents on roadways. For these groups of workers, NIOSH has a role to play with respect to design of work areas, development of safe work processes, and development and testing of personal protective equipment.
The National Transportation Safety Board (NTSB) is an independent federal agency charged by Congress with investigating every commercial and civil aviation crash in the U.S. and significant incidents in other modes of transportation. The NTSB determines the probable cause of each incident investigated and issues safety recommendations aimed at preventing future incidents. NTSB's work is relevant to the mission of the NIOSH CMVS because its investigations frequently involve crashes of large trucks or motorcoaches. The Department of Homeland Security (DHS) has broad responsibilities to protect the safety and security of the United States, including emergency preparedness and response. In this role, DHS has an interest in the safe operation of emergency vehicles and the safety of workers engaged in emergency response. More specifically, the United States Fire Administration, part of DHS's Federal Emergency Management Agency, works with the fire service, emergency medical services community, and federal partners such as NIOSH to enhance safety of emergency responders through model policies and protocols, comprehensive training curricula, and timely dissemination of safety information.
The National Institute of Justice (NIJ) is the research, development, and evaluation agency of the U.S. Department of Justice. Because its mission encompasses the development, testing, and evaluation of strategies to limit deaths and injuries of law enforcement personnel, NIJ shares with the NIOSH CMVS an interest in the reduction of motor vehicle crashes and resulting injuries in this worker population.
The role of non-governmental stakeholders
Collaborations with non-governmental stakeholders are essential to the CMVS accomplishing its mission. The CMVS regularly exchanges information and provides technical assistance to non-governmental organizations (NGOs) such as the Network of Employers for Traffic Safety (NETS), the American Society of Safety Engineers (ASSE), the National Safety Council (NSC), and the Transportation Research Board (TRB) on topics of mutual interest, including distracted driving, motor vehicle safety management systems, and vehicle manufacturing specifications. Collaborations with universities and research institutes lend skills and expertise that complement those available within the CMVS. Engagement with standard-setting organizations facilitates the translation of NIOSH research findings into voluntary safety standards. Finally, the cooperation and participation of industry partners and workers is essential for CMVS researchers to carry out research projects in real-world settings and to develop injury-prevention recommendations and products that are both effective and practical.
Alignment with global initiatives
This strategic plan was informed by and is consistent with global initiatives for road safety:
• The United Nations (UN) Decade of Action for Road Safety: A 2010 resolution of the UN General Assembly proclaimed 2011-2020 the Decade of Action for Road Safety, with a global goal of stabilizing and then reducing the forecasted level of global road fatalities by intensifying and better coordinating activities conducted at national, regional, and global levels [United Nations General Assembly 2010]. High-priority actions for the Decade of Action are based on five "pillars" that address spheres where progress must be made if overall reductions in road traffic injuries are to be achieved at a global level: (1) Road safety management; (2) Safer roads and mobility; (3) Safer vehicles; (4) Safer road users; and (5) Post-crash response. Each of the five pillars has some relevance to workrelated road safety. All are addressed in this strategic plan, particularly (1), (3), and (4).
• "Safe System" approaches: The concept of a "safe system" is based on the recognition that vehicles and road infrastructure must be designed to prevent or reduce harm from crashes, even when inevitable human errors occur [Organization for Economic Cooperation and Development/International Transport Forum 2008]. A number of countries have adopted some form of a "safe system" approach to developing and implementing their road safety programs, including Sweden (Vision Zero), the Netherlands (Sustainable Safety), the United States (Toward Zero Deaths), and Australia. Several features of the "safe system" concept informed development of this strategic plan:
̶ A recognition that investments in road safety: (1) should be determined by data that define the scope and nature of the problem; and (2) should be directed toward activities that offer the greatest potential benefits for crash and injury reduction and provide reasonable returns on investments ̶ An awareness of the importance of coordination between all who have a stake in the safe operation of the transportation system: decision makers, owners, and users ̶ An understanding that motor vehicle safety, including safety at work, is a shared responsibility among the public and private sectors, NGOs, and individual road users
Framework for goal development
It is well-accepted within the motor vehicle safety community that the primary levers for preventing motor vehicle crashes are related to the human, the vehicle, and the environment. The origin of these concepts is the Haddon Matrix developed by American epidemiologist William Haddon, Jr., a prominent advocate for crash prevention and injury control and the first Administrator of the National Highway Traffic Safety Administration. Haddon conceptualized injury prevention as a problem of reducing or eliminating the exchange of harmful mechanical energy [Haddon, Jr. 1968] . The original Matrix combined temporal "phases" (Pre-crash, Crash, and Post-crash) with "factors" (Human, Vehicle, and Environment) where crash risks and injury prevention opportunities are present (Table 1) . • The three temporal phases from the original Haddon Matrix (Pre-crash, Crash, and Postcrash) are replaced by three "pathways" through which the goals of the CMVS will be achieved: Epidemiologic Analysis, Engineering and Technology-based Interventions, and Management and Behavioral Interventions. These "pathways" may be seen as a combination of research methods and interventions. The addition of Management and Behavioral Interventions accounts for opportunities presented by the occupational setting, where employers can implement additional policies and controls to prevent crashes.
• Research addressing the human (i.e., the vehicle driver or passenger, or the pedestrian worker) will focus on the human as he or she interacts with the vehicle, environment, or organizational and management structure specific to work. The "human" factor encompasses the job task and what the worker brings to the situation (i.e., innate traits as well as psychological and physiological states).
• In this framework, the vehicle is considered separately from the environment. The "Environment" factor encompasses not only the physical road environment, but also the work setting and any other external factors outside the direct control of the employer and worker.
• A fourth factor, "Policies/Programs," is added to account for the substantial and crucial role played by regulations, policies, and actions of employers, government, labor, and industry in reducing motor vehicle crash and injury risk for workers. 4 
Goals for the NIOSH Center for Motor Vehicle Safety
The goals for the NIOSH Center for Motor Vehicle Safety were developed by an internal task group in 2013 and 2014, based on: (1) consideration of research gaps; (2) a review of related goals in the NIOSH sector and cross-sector programs; and (3) consideration of the research areas where NIOSH is best-positioned to add to the knowledge base on workrelated motor vehicle safety.
Strategic goals 1 through 3 directly align with the "pathways" depicted in Table 2 above, and will add to the evidence base for employer programs and inform the development of safety standards and regulations. Strategic Goal 4 captures the global elements of work-related motor vehicle safety, and Strategic Goal 5 focuses on the communication of research results and stakeholder engagement to prevent work-related motor vehicle crashes and resulting injuries.
Strategic Goal 1: Advance understanding of risk factors associated with work-related motor vehicle crashes and resulting injuries through epidemiologic analyses to guide research and prevention strategies.
Rationale:
Population-based data on factors associated with work-related motor vehicle crashes will help to identify priority areas for research and intervention. Variables of interest may be related to the driver, the vehicle, or the operating environment. Activities targeting this goal may involve collection of data through prospective studies. Alternatively, partnerships will be formed to enable secondary analysis of administrative or company-level data collected for other purposes, analysis of existing naturalistic driving data, or use of novel approaches to linkage or analysis of existing injury surveillance data systems.
Intermediate Goal 1.1: Employers will use results of NIOSH research on work organization, hours of work, and driver fatigue to develop programs, policies, and interventions to prevent work-related motor vehicle crashes.
Activity/Output Goal 1.1.1: Identify and evaluate factors related to the operating environment (e.g., work organization, scheduling and dispatching practices, pay and incentive schemes, journey management policies, and incentives for distracted driving) that are associated with risk of work-related motor vehicle crashes.
Performance Measure 1.1.1: By 2018, at least two intramural and/or extramural research projects addressing the role of operating environment factors on work-related motor vehicle crashes will be completed. Results will be published in peer reviewed journals, trade journals, and NIOSH numbered publications.
Activity/Output Goal 1.1.2: Assess the effects of long or irregular hours of work, long hours of driving, or fatigue/sleepiness on risk of motor vehicle crashes, particularly in worker populations not covered by the Federal Motor Carrier Safety Regulations (e.g., emergency responders, sales workers who drive passenger vehicles, or workers who commute long distances).
Performance Measure 1.1.2: By 2018, at least two research projects or analyses related to hours of work, long hours of driving, or fatigue will provide evidence-based recommendations, particularly for workers not covered by FMCSA regulations.
Intermediate Goal 1.2:
The research community will use results of NIOSH research based on novel data linkage approaches, previously untapped data sources, or naturalistic driving data to prioritize future research for work-related road safety.
Activity/Output Goal 1.2.1: Match work-related crash cases from the Census of Fatal Occupational Injuries (CFOI) and Fatality Analysis Reporting System (FARS), for the purpose of improving case identification and obtaining richer data on work-related crashes.
Performance Measure 1.2.1-1: By 2014, one methods paper on case identification and data linkage procedures will be published in a peer-reviewed journal.
Performance Measure 1.2.1-2: By 2015, a second publication based on the matched CFOI and FARS data will be submitted to a peer-reviewed journal , examining the role of exposures relevant to occupational motor vehicle safety such as distracted driving, environmental factors, and roadway characteristics.
Performance Measure 1.2.1-3: By 2017, a third publication will be submitted to a peer-reviewed journal based on analysis of matched CFOI and FARS for later data years.
Activity/Output Goal 1.2.2: Identify and evaluate data sources on work-related trips or miles traveled, for the purpose of preparing exposure-based estimates of crash risk for workers.
Performance Measure 1.2.2-1: By 2016, initiate at least one research project to identify and evaluate sources of exposure data estimates.
Performance Measure 1.2.2-2: By 2018, if initial efforts are successful, begin to develop annual exposure estimates on work-related trips or miles traveled.
Activity/Output Goal 1.2.3: Use naturalistic driving data collected by partners to identify and evaluate risk factors for work-related crashes.
Performance Measure 1.2.3: By 2018, publish at least one manuscript on risk factors (e.g., distraction, roadway characteristics, and vehicle factors) for workrelated crashes based on the analysis of naturalistic driving data.
Intermediate Goal 1.3: Standards organizations, policy makers, and regulatory bodies will use results of NIOSH epidemiologic research to inform safety standards, policy initiatives, and regulations on work-related motor vehicle safety.
Activity/Output Goal 1.3.1: The Center will provide evidence-based guidance and recommendations to organizations and regulatory agencies charged with the development of standards and regulations for motor vehicle safety.
Performance Measure 1.3.1: By 2018, CMVS research results will influence standards and regulations applicable to work-related motor vehicle safety, through direct CMVS participation on standards committees or contributions to NIOSH responses to regulatory initiatives by other agencies.
Strategic Goal 2: Reduce the incidence and severity of work-related motor vehicle crashes by implementing engineering and technology-based safety interventions and studying the positive or negative safety consequences of new technologies installed in vehicles.
Rationale:
Intervention development and evaluation are critical to building the evidence base to guide prevention of work-related motor vehicle crashes and resulting injuries. Human error is inevitable, and interventions are needed to manage it and reduce its effects. Engineering and technology-based solutions impose controls on the work environment so that prevention does not depend on driver initiative in all situations.
In addition, emerging advanced in-vehicle technologies (installed by manufacturers as original equipment, or added later as job-related applications), automated vehicles, and "connectedvehicle" technologies such as vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) communications have safety implications for occupational driving. Factors linked to safety concerns such as driver distraction and fatigue (e.g., driver cognitive load, human-vehicle interface, and driver decision making), as they relate to driving for work, need to be better understood and guidelines developed and implemented accordingly.
As stated above under "Priority vehicle types, industries, and occupations," NIOSH research and injury prevention activities in this arena will give highest priority to research and technology transfer that focuses on vehicles built and driven primarily for work purposes, including fire apparatus, emergency vehicles, police cruisers, and heavy trucks. These are referred to below as "specialized work vehicles."
Intermediate Goal 2.1: Safety research organizations, trade associations, insurance companies, and employers will identify and characterize incidents and injuries associated with crashes of specialized work vehicles through research and evaluation of engineering strategies, social-organizational characteristics, and human-vehicle-environment interface traits that are common precursors to crash incidents; and will use this information to design out crash risk or develop engineering solutions and organizational interventions.
Activity/Output Goal 2.1.1: Conduct research on the cognitive load, signal detection ability, and perception/reaction time of operators of specialized work vehicles in response to information from driver assistance systems or road safety information systems to reduce crash or rollover incidents. Strategic Goal 3: Reduce the incidence and severity of work-related motor vehicle crashes through the implementation of comprehensive, evidence-based road safety management policies and interventions.
In difficult economic times, even organizations that have successful motor vehicle safety programs are reconsidering the level of resources to dedicate to those programs. Empirical data from administrative and company-level systems are needed to help organizations select the program elements that are most closely associated with reductions in crashes and injuries, as well as those that are most cost-effective. These data will also be useful for establishing business cases to encourage organizations to implement motor vehicle safety programs. Also needed are evidence-based tools to help organizations measure changes in safety performance and return on investment associated with road safety interventions. Products with potential for application across industry sectors are preferable to those with narrow focus. Further, development of empirical data is preferable to case studies or compilations of "best practices" that are based solely on anecdotal evidence or informal reports.
Evaluations of comprehensive fleet management policies and programs are needed. Detailed pre-and post-implementation case studies have come out of the United Kingdom and Australia (see, for example, Darby et al. [2011] , Murray et al. [2012] , and Wallington et al. [2012] ), but none has come from the United States. This research might also take the form of "natural experiments" that follow the implementation of individual road safety interventions in organizations. Such interventions might include changes in work organization, journey management protocols, and fatigue management programs. Few such studies have been published in the peer-reviewed literature (for good examples, see Gregersen et al. [1996] and 
Monitoring progress toward achieving goals
To assess progress toward its goals, the NIOSH CMVS will undertake a mid-course review of this 5-year strategic plan to be completed by the end of 2016. Early in the implementation of the strategic plan, projects and other activities will be mapped to the activity/output goals in the plan. This activity will help to document progress on activity/output goals using the defined performance measures, as well as progress toward the intermediate goals which reflect impact in the workplace. In addition, an external review panel will be engaged to provide comments on the Center's progress and to offer input on any needed mid-course corrections or modifications.
